Introduction
============

Hepatocellular carcinoma (HCC), which often develops as a result of hepatitis and liver cirrhosis, is one of the most common types of cancer worldwide. The majority of patients are diagnosed at an advanced stage, which results in poor survival rates ([@b1-etm-0-0-7658]). The mortality rate for patients with HCC is second only to that of lung cancer ([@b2-etm-0-0-7658]--[@b4-etm-0-0-7658]).

Forkhead box P3 (FOXP3) is a member of the transcription factor fork head protein family, and it serves a vital role in the generation of regulatory T cells (Tregs), which function largely in immunosuppression ([@b5-etm-0-0-7658],[@b6-etm-0-0-7658]). Aberrant FOXP3 expression leads to autoimmune disease and benign or malignant tumor formation. Previous studies regarding FOXP3 expression and function have been performed primarily in Tregs ([@b7-etm-0-0-7658],[@b8-etm-0-0-7658]). However, FOXP3 expression levels are also elevated in a number of tumor cell types, including HCC ([@b9-etm-0-0-7658],[@b10-etm-0-0-7658]). Additionally, the expression levels and cellular distribution of FOXP3 vary widely within the tumor and its microenvironment ([@b11-etm-0-0-7658]--[@b13-etm-0-0-7658]). By inhibiting the secretion of certain cytokines, such as transforming growth factor (TGF)-β1, TGF-β2, and interleukin-10, FOXP3 controls the growth of melanoma tumors ([@b14-etm-0-0-7658]). FOXP3^+^ Tregs affect the development and progression of hepatocellular carcinoma ([@b15-etm-0-0-7658],[@b16-etm-0-0-7658]). FOXP3 may also act as a tumor suppressor in HCC by regulating the TGF-β/Smad2/3 signaling pathway ([@b17-etm-0-0-7658]).

Chemokines are a superfamily of small-molecules that bind to G protein-coupled receptors on the cell membrane and promote cell migration through the guanine nucleotide binding protein-mediated signaling cascade ([@b18-etm-0-0-7658]). Chemokines are grouped into C-X-C motif chemokine (CXC), CX3C, CC and C families based on their amino acid sequences. CXC ligand (CXCL) 12 is a CXC chemotactic factor that was originally identified in bone marrow stroma and termed stromal cell-derived factor-1 (SDF-1) ([@b19-etm-0-0-7658]). CXC receptor (CXCR) 4 belongs to the G protein-coupled receptor family and selectively binds CXCL12 ([@b18-etm-0-0-7658],[@b19-etm-0-0-7658]). The CXCL12/CXCR4 signaling pathway mediates proliferation, migration and migration in a variety of tumor cells, including lung ([@b20-etm-0-0-7658]) and gastric cancer ([@b21-etm-0-0-7658]), oral squamous cell carcinoma ([@b22-etm-0-0-7658]), and HCC ([@b23-etm-0-0-7658],[@b24-etm-0-0-7658]). CXCR7 was originally cloned from the cDNA library of the dog thyroid, and was considered to be an orphan receptor ([@b25-etm-0-0-7658]); CXCL12 and CXCL11 were later identified as ligands of CXCR7 ([@b26-etm-0-0-7658]). Of note, the CXCL12/CXCR7 axis also serves as a therapeutic target in the control of cell survival, cell adhesion and tumor development ([@b27-etm-0-0-7658]).

In a study of the molecular mechanisms of HCC progression, MHCC-97H cells are frequently used, as they share pathological and genetic characteristics of malignant liver tumors ([@b28-etm-0-0-7658]). In the present study, MHCC-97H cells were transfected with FOXP3-short hairpin (sh)RNAs to detect changes in cell proliferation, apoptosis and migration. In addition, the effect of FOXP3 silencing on chemokine/chemokine receptor expression was investigated.

Materials and methods
=====================

### Cell culture

MHCC97-H cells were obtained from the Cell Bank of The Chinese Academy of Sciences and cultured in Dulbecco\'s modified Eagle\'s medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (FBS; cat. no. 04-007-1A; Biological Industries) and 100 U/ml penicillin and 100 µg/ml streptomycin (Beijing Solarbio Science & Technology Co., Ltd.) in 5% CO~2~ at 37°C. Cells were used for experiments at 60% confluence.

### shRNA construction

The mRNA sequence of FOXP3 was obtained from the NCBI database (<https://www.ncbi.nlm.nih.gov/gene/20371>), and three shRNA sequences were designed accordingly ([Table I](#tI-etm-0-0-7658){ref-type="table"}). The sense strands included a *Bam*HI restriction site and the antisense strands included an *Eco*RI restriction site. Double chains were formed and inserted into pGreenPuro vectors (cat. no. SI505A-1-SBI; System Biosciences). A total of three recombinant vectors were constructed: Sh-FOXP3-1-pGreenPuro, sh-FOXP3-2-pGreenPuro and sh-FOXP3-3. Single colonies were selected from plates harboring MHCC97-H cells with either sh-FOXP3-1-pGreenPuro, sh-FOXP3-2-pGreenPuro or sh-FOXP3-3-pGreenPuro. The vectors were prepared with a Plasmid Minipreparation kit (cat. no. KL060; Shanghai Kang Lang Biological technology Co., Ltd.) and detected using 2% agarose gel electrophoresis with ethidium bromide staining.

The experiments were performed in three groups: A control group, a scrambled negative control (NC) group, and a sh-FOXP3-1-pGreenPuro group. Using the Lipofectamine^®^ 3000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.), DNA-liposome complexes were prepared at 4°C to a final volume of 1 µg/µl and added to MHCC97-H cells (1 µg/ml). Transfection was performed for 1 h at room temperature. Further experiments were performed 12, 24, 48 or 72 h post-transfection.

### Reverse transcription quantitative-PCR (RT-qPCR)

Total RNA was extracted using an Ultrapure RNA extraction kit (CoWin Biosciences Co., Ltd.), and RNA purity was assessed by measuring optical density (OD) at 280/260 nm. Total RNA (1 µg) was reverse transcribed into cDNA using an Avian Myeloblastosis Virus Reverse-Transcriptase kit (cat. no. KL041; Shanghai Kang Lang Biological technology Co., Ltd.). qPCR was performed in 25 µl sample volumes including, 9.5 µl RNase-Free dH~2~O, 1 µl cDNA/DNA, 2 µl primers and 12.5 µl UltraSYBR Mixture (cat. no. 00081405; CWBIO Corporation) with the following thermocycling conditions: 35 cycles of denaturation at 94°C for 45 sec, annealing at 59°C for 45 sec and extension at 72°C for 60 sec. The 2^−ΔΔcq^ method was used for quantification ([@b29-etm-0-0-7658]). The primers used are presented in [Table II](#tII-etm-0-0-7658){ref-type="table"}.

### Western blotting

Following transfection, MHCC97-H cells (5×10^3^/ml) were collected for western blot analysis. Protein was isolated using a protein isolation kit (ReadyPrep; GE Healthcare Life Sciences) and concentrations were quantified using a bicinchoninic acid assay (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol and 20 µg protein/lane was separated using SDS-PAGE on 10% gel. The proteins were transferred to a nitrocellulose membrane. Non-specific protein binding was blocked with 5% non-fat milk at room temperature for 2 h. The membranes were incubated with anti-GAPDH (1:1,000; cat. no. TA802519; OriGene Technologies, Inc.), anti-CXCR4 (1:500; cat. no. PA1237; Boster Biological Technology), anti-CXCR7 (1:500; cat. no. ab138509; Abcam), anti-CXCL11 (1:500; cat. no. abs139437; Absin Bioscience, Inc.) or anti-CXCL12 (1:500; cat. no. ab155090; Abcam) antibodies at 4°C overnight. The membranes were rinsed with 0.1% PBS + 0.1% Tween-20 and incubated with a horseradish peroxidase-labeled goat anti-rabbit immunoglobulin G (H+L) secondary antibody (1:100; ZB-2301; OriGene Technologies, Inc.) at room temperature for 2 h. The signal was detected using an Enhanced Chemiluminescence Detection kit (Thermo Fisher Scientific, Inc.) and ChemiDoc™ XRS system (Bio-Rad Laboratories, Inc.). Densitometry was performed using Quantity One software (version 1.4.6; Bio-Rad Laboratories, Inc.).

### Cell Counting Kit (CCK)-8 assay

Following transfection for 12, 24, 48 and 72 h, 10 µl of media containing CCK-8 (Gibco; Thermo Fisher Scientific, Inc.) were added to each well (3×10^3^/ml). An additional 4 h of incubation at 37°C was performed following each transfection at 12, 24, 48 and 72 h. OD was detected using a microplate reader (Thermo Fisher Scientific, Inc.) at 490 nm, and cell viability was determined based on the OD values.

### Terminal deoxynucleotidyl-transferase-mediated dUTP nick end labeling (TUNEL)

MHCC97-H cells were fixed in 4% paraformaldehyde for 30 min at room temperature and incubated with PBS + 0.1% Tween-20 containing 0.3% Triton X-100 for 5 min at room temperature. TUNEL solution was added to each well and the cells were incubated at 37°C for 60 min. Nuclei were stained with DAPI (5 mg/ml) for 3 min at room temperature, following which slides were covered with mounting medium (cat. no. P0126; Beyotime Institute of Biotechnology). Images of the cells were captured using fluorescence microscopy at 5 fields of view.

### Transwell assay

Following transfection, 3×10^3^ MHCC97-H cells were seeded in the upper chamber of Transwell plates (Hyclone; GE Healthcare Life Sciences) with serum-free DMEM. The lower chamber contained DMEM with 10% FBS. At 48 h, the cells in the lower chamber were fixed with 4% paraformaldehyde at room temperature for 30 min and stained with 1% crystal violet (Beijing Solarbio Science & Technology Co., Ltd.) for 5 min at room temperature. Images were captured using a light microscope (Magnification, ×200). At least five random fields of view in each image were counted.

### Statistical analysis

Data are presented as the mean ± standard deviation with six independent replicates. Statistical analyses were performed using SPSS software (version 17; SPSS, Inc.) and data were analyzed by one-way analysis of variance followed by a Bonferroni post-hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Characterization of FOXP3 shRNAs

Vectors were detected by 2% agarose gel electrophoresis ([Fig. 1](#f1-etm-0-0-7658){ref-type="fig"}). The band sizes reflected the predicted sizes of the constructs.

Transfection with either one of the three sh-FOXP3 sequences reduced FOXP3 mRNA and protein expression levels in MHCC97-H cells ([Fig. 2](#f2-etm-0-0-7658){ref-type="fig"}). The sh-FOXP3-1 shRNA exhibited the strongest reduction of FOXP3 mRNA and protein expression levels. Therefore, sh-FOXP3-1 was selected for further experiments.

### FOXP3 silencing inhibits cell proliferation in MHCC97-H cells

The OD of MHCC-97H cells treated with sh-FOXP3-1 was significantly lower compared with the negative control group following transfection for 12, 24, 48 and 72 h ([Fig. 3](#f3-etm-0-0-7658){ref-type="fig"}), which suggested that FOXP3 silencing may inhibit cell proliferation in MHCC97-H cells. The OD values at 72 h were: Control, 0.96; NC, 0.96; sh-FOXP3-1, 0.42 \[F(2, 15)=20.5; overall comparison between the 3 groups, P\<0.0001\].

### FOXP3 silencing promotes apoptosis in MHCC97-H cells

The results of the TUNEL assay revealed that the number of apoptotic cells following treatment with sh-FOXP3-1 was significantly higher compared with that in the negative control group ([Fig. 4](#f4-etm-0-0-7658){ref-type="fig"}). The percentages of apoptotic cells in each group were: Control, 4.0%; NC, 11.0%; sh-FOXP3-1, 26.6% \[F(2, 15)=20.5; P\<0.05). These data suggested that FOXP3 silencing may promote apoptosis in MHCC97-H cells.

### FOXP3 silencing inhibits the migration of MHCC97-H cells

The rate of migration of cells transfected with sh-FOXP3-1 was significantly lower compared with the negative control group ([Fig. 5](#f5-etm-0-0-7658){ref-type="fig"}). The number of invasive cells was: Control, 936; NC, 923; sh-FOXP3-1, 96 \[F(2, 15)=473, P\<0.05). These data suggest that FOXP3 silencing may inhibit migration in MHCC97-H cells.

### FOXP3 silencing reduces the expression of chemokines and their receptors in MHCC97-H cells

The mRNA expression levels of CXCL12, CXCL11, CXCR4 and CXCR7 were reduced in cells transfected with sh-FOXP3-1 compared with the negative control group (P\<0.05; [Fig. 6](#f6-etm-0-0-7658){ref-type="fig"}). Similarly, the protein levels of CXCL12, CXCL11, CXCR4, and CXCR7 were reduced in cells treated with sh-FOXP3-1 compared with the NC group (P\<0.05; [Fig. 7](#f7-etm-0-0-7658){ref-type="fig"}).

Discussion
==========

HCC is primarily treated with radiotherapy and liver transplantation; however, the rates of recurrence are \~54% at a median time of 22 months from primary resection ([@b30-etm-0-0-7658],[@b31-etm-0-0-7658]). FOXP3, a nuclear transcription factor linked to the X chromosome that belongs to the forkhead/winged helix transcription factor family, was originally identified by cloning the Scurfin gene. The head domain of FOXP3 binds to DNA-specific loci to regulate the activation and expression of its target genes ([@b5-etm-0-0-7658],[@b6-etm-0-0-7658]). FOXP3 consists of 431 amino acids and its functional structure includes a forkhead DNA binding zone at the C terminal, a C2H2 zinc finger structure at the N terminal, and a leucine zipper sequence ([@b32-etm-0-0-7658]). In humans, FOXP3 is primarily responsible for the immunosuppressive function of Tregs, and is frequently used as a Treg-specific marker. It serves an important role in regulating the growth and function of CD4^+^ CD25^+^ Tregs, as well as maintaining immune tolerance and the stability of the immune responses by inducing the development of CD4^+^ CD25^+^ Tregs, controlling the production of CD4^+^ Tregs and determining Treg inhibitory function ([@b33-etm-0-0-7658]).

FOXP3 is expressed in various types of tumor cells ([@b34-etm-0-0-7658]). The expression pattern of FOXP3, including expression levels, subcellular localization and subtypes, in tumor cells is different compared with that in normal cells or Tregs ([@b34-etm-0-0-7658]). Cunha *et al* ([@b35-etm-0-0-7658]) highlighted the complexity of FOXP3 expression in tumor cells, as well as the diverse roles it serves in tumor progression. Wang *et al* ([@b36-etm-0-0-7658]) previously characterized 10 HCC cell lines with high expression levels of FOXP3. Niu *et al* ([@b37-etm-0-0-7658]) demonstrated that melanoma cells underwent immune escape by expressing FOXP3. Silencing of FOXP3 by FOXP3-siRNA has been demonstrated to mitigate the expression of B7-H1 and TGF-β, whereas FOXP3 overexpression increased the expression of these molecules ([@b38-etm-0-0-7658]). Co-culturing FOXP3^+^ melanoma cells with CD4^+^ CD25^−^ Tregs strongly inhibited the proliferation of T cells, which was partially reversed by the specific silencing of FOXP3 and effectively enhanced by FOXP3 overexpression ([@b39-etm-0-0-7658]). Therefore, FOXP3 not only serves an important role in Treg function, but may also modulate tumor cell behavior directly.

In the present study, three shRNAs were constructed to silence FOXP3 expression in HCC cells; sh-FOXP3-1 exhibited the strongest silencing effects in an HCC cell line. The results indicated that silencing of FOXP3 expression may inhibit the proliferation of HCC cells. Apoptosis was also promoted in response to sh-FOXP3-1, whereas migration was inhibited. Collectively, these data demonstrate that the silencing of FOXP3 in tumor cells may regulate HCC proliferation, migration and apoptosis.

Compared with CXCL12/CXCR4, the CXCL12/CXCR7 signaling has a more pronounced effect on HCC progression ([@b40-etm-0-0-7658]). Downregulation of CXCR7 results in the reduction of HCC cell proliferation, as well as the inhibition of lung metastasis ([@b41-etm-0-0-7658]). Sutton *et al* ([@b42-etm-0-0-7658]) demonstrated that CXCL12 stimulates the proliferation, migration and migration of HCC cells, and that the combination of CXCL12 and CXCR4 induces the aggregation and redistribution of cytoskeletal proteins, which enhances the rates of migration and migration. In addition, CXCR7 binds CXCL11 and CXCL12 with high affinity, thus serving important roles in the progression of HCC ([@b43-etm-0-0-7658]). In the present study, the mRNA and protein levels of CXCL12, CXCL11, CXCR4 and CXCR7 were significantly decreased in MHCC97-H cells treated with sh-FOXP3-1 compared with the control groups. These results suggested that FOXP3 may serve an important role in the growth and metastasis of HCC, potentially through the chemokine/chemokine receptor axis. This may be one of the primary mechanisms underlying the FOXP3 silencing-mediated regulation of tumor growth, inhibition of oncogene transcription and induction of tumor suppressor gene expression.

FOXP3 binds to the transcription sites of the CXCR4 and CXCR7 genes ([@b44-etm-0-0-7658]); CXCR4 and CXCR7 are associated with tumor migration and metastasis ([@b24-etm-0-0-7658]). Overbeck-Zubrzycka *et al* ([@b45-etm-0-0-7658]) have demonstrated that FOXP3 affects tumor migration and metastasis by modulating the CXCL12/CXCR4 pathway. In the present study, FOXP3 silencing prevented tumor migration potentially through inhibition of CXCR7. Pre-clinical studies have also demonstrated that CXCL12/CXCR4 and CXCL12/CXCR7 inhibitors display potent anti-tumor properties ([@b46-etm-0-0-7658]), which suggests that chemokines and their receptors represent new potential targets for cancer therapy.

In the present study, FOXP3 silencing inhibited the expression of chemokines and chemokine receptors associated with cell proliferation, migration and apoptosis in an HCC cell line. However, a direct link between tumor progression and the activities of chemokines and chemokine receptors in response to FOXP3 silencing has not been established. Future studies will focus on detecting the downstream molecules of chemokines and their receptors that are regulated by FOXP3.

In conclusion, FOXP3 silencing may inhibit the expression of chemokines and chemokine receptors, including CXCL12/CXCR4, CXCL12/CXCR7 and CXCL11/CXCR7, and may be associated with the inhibition of cell proliferation and migration, as well as the induction of apoptosis. The inhibition of chemokine and chemokine receptor expression may represent an important mechanism underlying the effects of FOXP3 silencing in HCC cells.
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![shRNA sequences used to silence FOXP3 expression. The bands sizes were similar to the predicted sizes of the shRNA constructs.](etm-18-02-1091-g00){#f1-etm-0-0-7658}

![FOXP3 shRNAs inhibit FOXP3 mRNA and protein expression. (A) mRNA expression levels of FOXP3 following transfection with sh-FOXP3. (B) Representative blots and quantified data of protein expression levels of FOXP3 following transfection with sh-FOXP3. All three sh-FOXP3 sequences reduced FOXP3 protein and mRNA expression in MHCC-97H cells. \*P\<0.05 vs. NC. NC, negative control; FOXP3, forkhead box P3; sh-FOXP3, short hairpin RNA targeting FOXP3.](etm-18-02-1091-g01){#f2-etm-0-0-7658}

![FOXP3 silencing inhibits cell proliferation in hepatocellular carcinoma cells. The OD values in cells treated with sh-FOXP3-1 were lower compared with the control group following transfection for 12, 24, 48 and 72 h. \*P\<0.05 vs. NC. OD, optical density; NC, negative control; FOXP3, forkhead box P3; sh-FOXP3-1, short hairpin RNA targeting FOXP3, sequence 1.](etm-18-02-1091-g02){#f3-etm-0-0-7658}

![FOXP3 silencing induces apoptosis in MHCC-97H cells. The percentage of apoptotic cells in response to sh-FOXP3-1 was significantly higher compared with the control group. \*P\<0.05 vs. NC. Scale bar, 100 µm. NC, negative control; FOXP3, forkhead box P3; sh-FOXP3-1, short hairpin RNA targeting FOXP3, sequence 1.](etm-18-02-1091-g03){#f4-etm-0-0-7658}

![FOXP3 silencing inhibits migration in MHCC-97H cells. (A) Representative images of invasive cells. Magnification, ×100. (B) The number of invasive cells in response to sh-FOXP3-1 was significantly lower compared with the control group. \*P\<0.05 vs. NC. NC, negative control; FOXP3, forkhead box P3; sh-FOXP3-1, short hairpin RNA targeting FOXP3, sequence 1.](etm-18-02-1091-g04){#f5-etm-0-0-7658}

![FOXP3 silencing reduces the mRNA expression levels of chemokines and their receptors in hepatocellular carcinoma cells. The mRNA expression levels of CXCL12, CXCL11, CXCR4, and CXCR7 were reduced in cells treated with sh-FOXP3-1 compared with the control group. \*P\<0.05 vs. NC. NC, negative control; FOXP3, forkhead box P3; sh-FOXP3-1, short hairpin RNA targeting FOXP3, sequence 1; CXCL, C-X-C motif chemokine ligand; CXCR, C-X-C motif chemokine receptor.](etm-18-02-1091-g05){#f6-etm-0-0-7658}

![FOXP3 silencing reduces the expression of chemokines and chemokine receptors at the protein level in hepatocellular carcinoma cells. The expression of CXCL12, CXCL11, CXCR4 and CXCR7 at the protein level was reduced in the sh-FOXP3-1 group compared with respective controls. \*P\<0.05 vs. NC. NC, negative control; FOXP3, forkhead box P3; sh-FOXP3-1, short hairpin RNA targeting FOXP3, sequence 1; CXCL, C-X-C motif chemokine ligand; CXCR, C-X-C motif chemokine receptor.](etm-18-02-1091-g06){#f7-etm-0-0-7658}

###### 

Sequences of FOXP3 shRNAs.

  Primer        Sequence (5′→3′)
  ------------- -----------------------------------------------------------------
  sh-FOXP3-F1   GATCCGCCACATTTCATGCACCAGCTCTCGAGAGCTGGTGCATGAAATGTGGCTTTTTG
  sh-FOXP3-R1   AATTCGCCACATTTCATGCACCAGCTCTCGAGAGCTGGTGCATGAAATGTGGCG
  sh-FOXP3-F2   GATCCGCACTGACCAAGGCTTCATCTCTCGAGAGATGAAGCCTTGGTCAGTGCTTTTTG
  sh-FOXP3-R2   AATTCGCACTGACCAAGGCTTCATCTCTCGAGAGATGAAGCCTTGGTCAGTGCG
  sh-FOXP3-F3   GATCCGCATGTTTGCCTTCTTCAGAACTCGAGTTCTGAAGAAGGCAAACATGCTTTTTG
  sh-FOXP3-R3   AATTCGCATGTTTGCCTTCTTCAGAACTCGAGTTCTGAAGAAGGCAAACATGCG
  sh-NC-F       GATCCTTCTCCGAACGTGTCACGTAATTCAAGAGATTACGTGACACGTTCGGAGAATTTTTTG
  sh-NC-R       AATTCAAAAAATTCTCCGAACGTGTCACGTAATCTCTTGAATTACGTGACACGTTCGGAGAAG

FOXP3, forkhead box P3; sh, short hairpin RNA. NC, Scrambled control; F, forward; R, reverse.

###### 

Primer sequences used for reverse transcription\--quantitative PCR.

  Gene     Sequence (5′→3′)
  -------- ----------------------------
  FOXP3    F: GTGGCATCATCCGACAAGG
           R: AGCGTGGCGTAGGTGAAAG
  CXCR4    F: TAAAATCTTCCTGCCCACC
           R: CGCCAACATAGACCACCTT
  CXCR7    F: CTCTTCGGCAGCATTTTCT
           R: CGTGACGGTCTTCAGGTAGTA
  CXCL11   F: ATGTTCAAAAGAGGACGCTG
           R: GTTACTTGGGTACATTATGGAGG
  CXCL12   F: ACTCCAAACTGTGCCCTTCA
           R: CCACTTTAGCTTCGGGTCAAT
  GAPDH    F: GAAGGTCGGAGTCAACGGAT
           R: CCTGGAAGATGGTGATGGG

FOXP3, forkhead box P3; CXCR, C-X-C motif chemokine receptor; CXCL, C-X-C motif chemokine ligand; F, forward; R, reverse.
